


























































































































































































































































































































































































Fig. 36 
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Fig. 37. SEM micrograph and EDAX maps showing secondary mineral growth in 

Sundheim quarry concrete from US20 after freeze/thaw cycling in CMA. The 

images show approximately the same area as Plate V-B. Brucite and magnesium 

silicate hydrate formed in voids after freeze/thaw cycling. Brucite crystals grow as a 

thin layer around open spaces, and MSH occurs between the brucite and cement paste. 

Microcrystalline Mg and C rich material (probably Mg acetate) largely occurs in open 

spaces. The large circular form near the center of the micrograph is an artifact of 

sectioning and has no significance. EDAX element maps show that calcite also occurs 

as a thin layer interior to the brucite layer and shows that the cement paste change was 

altered to MSH near the void rims. 
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Fig. 38. SEM micrograph and EDAX element maps showing the growth of brucite and 

calcite in Nelson quarry concrete from US63 after wet/dry cycling in CMA. 

Brucite (br) and calcite (Cal) grew in voids after cycling. Calcium silicate hydrate, 

CSH, in the cement has changed to magnesium silicate hydrate, MSH, with the 

development abundant cracks. A wide solution channel, which appears to develop 

because of paste dissolution by CMA, formed between a limestone coarse aggregate 

particle and the surrounding cement. Note that Si-rich crystals are silicon carbide 

grains (Gr) from grinding powder used during thin-section preparation. 
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Fig. 38 
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Fig. 39. EDAX element maps of the same area shown in Plate VI-A showing crack-filling 

minerals that formed after wet/dry cycling in CMA. Brucite (br) is a major crack

filling mineral and thin layers of calcite often occur. Silica-gel (Si), in rare instances, 

has formed at the margins of these cracks. 
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Fig. 40. High magnification SEM and EDAX maps showing part of the area of Fig. 36. 

The cement paste has altered to MSH and abundant shrinkage cracks have developed as 

a result of CMA treatment. Calcium released by MSH formation migrated to tiny open 

spaces where it precipitated as calcite. Void-filling minerals show various 

compositions. 
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Fig. 40 
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Fig. 41. EDAX point analysis of void-filling minerals shown in Fig. 40. For the locations of 

each point analysis refer to the numbers associated with the air-entrainment void of Fig. 

40. 
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Fig. 41 
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Fig. 42. SEM micrograph and EDAX area maps showing experimentally-induced 

deterioration of Sundheim quarry concrete from US 20 after wet/dry cycling in 

magnesium acetate. Abundant brucite grew as thin linings in air voids of the durable 

concrete during wet/dry cycling. EDAX element maps show cement paste has been 

emiched in magnesium and depleted in calcium, indicating that CSH altered to MSH. 
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Fig. 42 
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Fig. 43. SEM micrograph and EDAX area maps showing the growth of brucite in voids of 

durable Sondheim quarry concrete (US 20) after freeze/thaw cycling in 

magnesium acetate. Features shown are very similar to those of Fig. 37. Many of the 

voids in which brucite crystals occur are caused by removal of fine-aggregate de bonded 

from the cement. Debonding results from alteration of CSH to non-cementitious MSH. 
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Fig. 44. SEM micrograph and EDAX area maps showing results of wet/dry cycling in 

calcium acetate, Sundheim quarry concrete from US 20. Ca concentration in the 

cement increases during cycling, especially near the dolomite aggregate-paste interface. 

Note that a wide Ca-rich zone, Zone De, has formed at the interface between non

reactive dolomite aggregate and cement paste. This zone is not present in untreated 

concrete containing dolomite coarse aggregate from the Sundheim quarry. Little 

brucite has formed in the cement paste. Ettingite, considered to be pre-treatment, is not 

significantly altered. Other than calcite in Zone De, no other newly-formed minerals 

were found. Neither paste dissolution nor fine aggregate debonding were o?~erved. 
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